Imaging buried objects is important in many fields, ranging from landmine detection to space exploration. Currently, buried objects are often imaged through radar techniques, but the spatial resolution of these images is limited because of the wavelength of the radiation used. Moreover, object identification is often a tedious and error-prone process. We demonstrate, using femtosecond laser pulses with a wavelength of 800 nm, that buried objects may be imaged with high resolution, and also that the buried objects may be chemically identified. We selectively image objects buried in sand (1 to 4 mm deep) according to their chemical composition through spectral analysis of the laser-induced breakdown signal. The signal is generated by loosely-focused femtosecond laser pulses having energies ranging from 0.5 to 2.5 mJ. We also determine the depth from which a spectral signal may be measured as a function of pulse energy.
(a) A stainless steel washer below and to the left of a copper and aluminum rod, respectively. (b) The metal objects buried beneath about 2 mm of sand. (c) Chemicalspecific image of the buried objects.
